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Abstract
In a display with a stationary and a moving object, subjects saccaded towards one of the objects and had to detect intrasaccadic
changes in position or orientation of either the saccade target or the saccade ﬂanker. Compared to performance for stationary
objects, displacement detection for translating objects was better and unaﬀected by saccadic status of the changed object. This
pattern proved to be speciﬁc to position changes in translating objects and did not generalize to other types of motion (i.e., rotation)
or to other types of intrasaccadic changes (i.e., orientation shifts). Superior transsaccadic coding of the position of a translating
object was also observed in control experiments with only a single object present on each trial. Possible accounts in terms of selective
attention to moving objects and perceptual relevance of object position are pitted against the data, suggesting qualitative diﬀerences
in the transsaccadic representation of translating and stationary objects.  2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
At any moment our eyes pick up only a small fraction
of the world that surrounds us. To explore more of this
environment, we make head and body movements ac-
companied by eye movements. The primary focus of the
present study is on saccadic eye movements, which are
executed to bring a peripheral object into the high-
acuity foveal region of the retina. During saccades, the
visual input is severely suppressed and therefore most
usable visual information comes in during ﬁxations. The
question addressed in the present experiments is whether
object information gathered during ﬁxation n 1 inﬂu-
ences postsaccadic information processing of that object
in ﬁxation n.
Initially, the dominant response to this question was
that pre- and postsaccadic object views are automati-
cally combined to form a coherent perception. The basic
metaphor was that observers use a kind of internal
screen (integrative buﬀer) and that visual detail acquired
during one ﬁxation was superimposed on detailed fea-
tures encoded during the previous ﬁxations, and this
according to spatiotopic coordinates (e.g., Jonides,
Irwin, & Yantis, 1982; McConkie & Rayner, 1976). This
theory has been tested in numerous studies using intra-
saccadic display changes (Henderson & Hollingworth,
1999; Rayner, McConkie, & Zola, 1980; Verfaillie, De
Troy, & Van Rensbergen, 1994). This involves making
changes in visual stimuli during saccades and explicitly
asking subjects whether they noticed any of these
changes or implicitly measuring postsaccadic ﬁxation
durations or reaction times. Because the actual change
cannot be perceived due to saccadic suppression, explicit
or implicit detection of the change implies that the
changed information is coded across saccades and is
instrumental for linking pre- and postsaccadic views.
Most studies using this technique have demonstrated
the invalidity of the two main predictions derived from
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the spatiotopic fusion hypothesis. First, the information
of successive ﬁxations is not overlaid in a spatiotopic
reference frame (for a review, see Irwin, 1992). Second,
intrasaccadic display changes are not easily detected. In
everyday scenes, even striking saccade-contingent stim-
ulus changes of color, location, and shape frequently
go unnoticed (e.g., Grimes, 1996; McConkie & Currie,
1996). Similar results were obtained in research on
reading (Pollatsek, Lesch, Morris, & Rayner, 1992),
biological motion perception (Verfaillie et al., 1994),
and object perception (Pollatsek, Rayner, & Collins,
1984). 1
Along with the demise of spatiotopic fusion, the use
of intrasaccadic display changes has generated new
views on the scope and contents of transsaccadic inte-
gration. A number of studies have argued that the scope
of transsaccadic integration is in fact limited to a small
portion of the visual world, i.e., the region or object
targeted by the saccade (Deubel, Bridgeman, & Schne-
ider, 1998; Irwin, Zacks, & Brown, 1990; McConkie &
Currie, 1996). This explains why intrasaccadic changes
are easier to detect when they occur closer to the sac-
cade target (Deubel & Schneider, 1996; Henderson &
Hollingworth, 1999). However, Verfaillie and De Graef
(2000) recently showed that, given appropriate control
for extrafoveal preview quality, changes in non-target
objects can be equally well detected as changes in the
target object. Similarly, Rensink, O’Regan, and Clark
(1997) pointed out that superior transsaccadic coding of
the saccade target may be tied to the preceding alloca-
tion of attention to the target. In this sense, presaccadic
selective attention rather than being the target of an
actual saccade may be the necessary and suﬃcient con-
dition for transsaccadic integration.
With respect to the informational contents of trans-
saccadic integration, most studies have indicated a
strong compression in which visual detail is lost across
the saccade in favor of more abstract, structural infor-
mation (Carlson-Radvansky & Irwin, 1995; Pollatsek
et al., 1984). In addition, Verfaillie and colleagues
demonstrated that transsaccadic object perception is
selective, allowing some information to cross the sac-
cade while discarding other information. Speciﬁcally,
they showed good detection of intrasaccadic changes in
an object’s in-depth orientation vs. poor transsaccadic
detection of object displacements in the plane (Verfaillie,
1997; Verfaillie et al., 1994). Verfaillie et al. (1994)
suggested that the basis for this information compres-
sion and selectivity might lie in the object identiﬁca-
tion process: Only information that provides direct
access to object representations in the object lexicon is
carried across the saccade in order to speed up object
identiﬁcation by integrating pre- and postsaccadic object
views.
2. Transsaccadic perception of moving objects
Previous research on transsaccadic integration used
stationary stimuli. But can we generalize the obtained
results to more dynamic situations? Speciﬁcally, is the
transsaccadic perception of moving objects comparable
to that of stationary objects? There are at least two
reasons for expecting diﬀerently.
First, there is considerable evidence that moving ob-
jects capture attention more eﬃciently than stationary
objects (McLeod, Driver, & Crisp, 1988). In visual
search experiments, moving objects pop out from sur-
rounding stationary objects (Rosenholtz, 1999), and
Kusunoki, Gottlieb, and Goldberg (2000) suggest that
moving objects are salient by themselves even when they
are irrelevant to the ongoing task. Given the boost in
perceptual quality that follows from selective attention
(e.g., Downing, 1988; Kirschfeld & Kammer, 2000;
Prinzmetal, Presti, & Posner, 1986), it seems quite
plausible that the transsaccadic representation of mov-
ing objects will be richer and more detailed than is the
case for stationary objects.
Second, as mentioned before, transsaccadic percep-
tion does not involve a detailed photographic memory.
If, as suggested by Verfaillie et al. (1994), only infor-
mation relevant for identifying the object (e.g., a walker)
or the motion event (e.g., walking) is carried across
saccades then it seems likely that the transsaccadic
contents will be diﬀerent for moving and stationary
objects. Consider a translating object: It follows a path,
and has a trajectory relative to other objects or to a
more global background. Part of the event’s identiﬁca-
tion is that the observer tries to ‘capture’ that path: is the
object moving towards/away from . . . , up-/downwards
. . . This is necessary because we almost always describe
object motion in relative terms, 2 and because we use the
path of motion to anticipate certain events (e.g., colli-
1 Other studies reported in the rapidly expanding literature on
change blindness show that observers are not only blind to intrasacc-
adic changes but also to changes occurring during blank screens, blinks
of the observer, motion picture cuts, and even during real-world
occlusion events (Simons, 2000). Like in the case of saccades, these
events mask the transient that normally accompanies the change.
However, there is an important diﬀerence with our experiments on the
detection of intrasaccadic changes. In our procedure, subjects know
what the change is and the precise moment when the change can occur,
but still, under some conditions, show great diﬃculty to detect the
change. This is not the case in most change blindness studies; once the
observer knows what the change is, he or she notices it.
2 When we observe human motion a non-relative description is also
common. But identifying that someone is swimming, walking . . . still
implies motion of the limbs relative to each other and to the body
(Daems & Verfaillie, 1999). When a rigid object moves, this movement
is mostly described relative to the environment.
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sion detection, catching a ball . . .). Consequently, in-
formation about the position of a translating object
(over time and relative to the environment) is probably
highly relevant. 3 This also implies that changes in the
path of motion will disturb our anticipations about the
trajectory of the moving stimulus. Thus, while previous
research has indicated that detection of intrasaccadic
position changes is not very accurate for stationary
objects, accuracy may be considerably higher for
translating objects. 4
3. Present study
In the remainder of this paper we report four exper-
iments that were designed to determine whether the
dynamic status (moving or stationary) of an object in-
ﬂuences scope and contents of transsaccadic object
perception. As argued above, we suspected that ﬁndings
obtained with stationary objects could not simply be
extrapolated to moving objects. Speciﬁcally, we ex-
pected that the object–position information which seems
to be absent from the transsaccadic representation of
stationary objects (Verfaillie et al., 1994), may be an
integral part of the transsaccadic representation of
moving (translating) objects. In addition, we thought it
plausible that transsaccadic integration for a moving
object might be less inﬂuenced by that object’s saccadic
status (i.e., whether or not it was the actual target of
the saccade). If, contrary to stationary objects, moving
objects do indeed automatically draw attention and if
presaccadic attention to an object is the prerequisite for
its transsaccadic coding, then the impact of saccadic
status on transsaccadic coding should be less than for
stationary objects.
In addition to detection of position changes, we also
examined detection of intrasaccadic in-depth orientation
changes. If position changes would be easier to detect in
translating than in stationary objects and only a pref-
erential allocation of attention is responsible for this
diﬀerence, then we should ﬁnd the same diﬀerence for
the detection of orientation changes.
4. Experiment 1
In a ﬁrst experiment, we examined the eﬀect of the
dynamic and saccadic status of an object on the detect-
ability of intrasaccadic changes in its position or in-depth
orientation. Speciﬁcally, we presented viewers with dis-
plays containing one stationary object and one moving
object that translated towards the stationary object.
Subjects were instructed, on a trial-by-trial basis, to
make a saccade to either the translating or the stationary
object. During the saccade one of the two objects could
change position or orientation and the subjects had to
determine which object, if any, had changed. In this
manner the detection of intrasaccadic position and ori-
entation changes could be examined as a function of
the changed object’s dynamic status (translating vs. sta-
tionary) and its saccadic status (target vs. ﬂanker).
First, we wanted to determine whether detectability
of intrasaccadic displacements was higher for a trans-
lating than for a stationary object, as could be expected
if position of a translating object is more perceptually
relevant and/or easier to encode because of an atten-
tional advantage for moving objects. Furthermore, we
tested the predictions of the saccade target theory by
examining detection rates for intrasaccadic changes of
objects that were not targeted by the saccade. Verfaillie
and De Graef (2000) already established that trans-
saccadic coding of the saccade target is not better than
that of the source object of the saccade (i.e., the object
where the saccade started from). To determine whether
object foveation (either pre- or postsaccadically) is re-
quired to observe transsaccadic coding, we compared
detection of intrasaccadic changes of the saccade target
with intrasaccadic changes of a ﬂanker object, i.e., an
object that was in peripheral vision before, during, and
after the critical saccade.
Second, in half of the trials one of the objects was
intrasaccadically rotated in depth, instead of being dis-
placed. This is to test the hypothesis that a general at-
tentional preference for the moving object is at the basis
of the possible diﬀerence between transsaccadic percep-
tion of translating and stationary objects. If this were the
case, then the detection of intrasaccadic object changes
other than object position should show the same main
eﬀect of dynamic status. Alternatively, if only position
has a special status in the transsaccadic coding of trans-
lating objects because of its particular perceptual rele-
vance, then the detection of orientation changes should
be more similar for stationary and translating objects.
4.1. Method
4.1.1. Subjects
Eight subjects (students, 6 women and 2 men) par-
ticipated in the experiment. All had normal or corrected-
to-normal vision.
3 We acknowledge that position information is not necessary for
motion detection (van Doorn & Koenderink, 1982). We only propose
that because, in our experiments position information is available and
the translating object can function as a target of a saccade, it is
plausible that the visual system will encode the position of the
translating object. Since a translating object constantly changes
position, anticipating the trajectory and making saccades towards
the translating object may involve a position coding that is diﬀerent
from that of a stationary object.
4 Importantly, superior detection of intrasaccadic displacements
of a moving object cannot be attributed to less complete saccadic
suppression of a moving stimulus. To the contrary, Burr, Morrone,
and Ross (1994) found that especially magnocellular input, strongly
implicated in motion perception, is suppressed during saccades.
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4.1.2. Procedure
Each subject took part in four sessions of 192 trials
each. In two sessions, detection of intrasaccadic position
changes was measured. In the two other sessions, de-
tection of intrasaccadic in-depth orientation changes
was tested.
Subjects came in, were seated, and were told that they
would see two objects, one translating, one stationary.
They were told to wait for a tone before saccading to-
wards one of the objects and to indicate after the sac-
cade which object, if any, had changed. Fig. 1 shows the
typical proceeding of a trial.
At the beginning of a trial (Frame 1 in Fig. 1) a ﬁxa-
tion cross was present. The subject ﬁxated the cross and
pressed a button to indicate that he/she was ready to
start the trial. Two crosses appeared where the objects
would appear (Frame 2), the subject still ﬁxated the
ﬁxation cross. After 250 ms the objects appeared (Frame
3) and one object immediately started moving horizon-
tally (at 2.68 s1) towards the other object. The subject
still ﬁxated the ﬁxation cross. After 1 s a tone was the
signal to make a saccade. Depending on the ear in which
the tone signal was given, a saccade was made to the left
or to the right object. At this time both objects were
approximately equally far from the ﬁxation cross. In
half of the trials the subject had to make a saccade to the
translating object, in the other half to the stationary
object. In the position-change detection task a position
change could take place during the saccade: The trans-
lating object shifted (1=3 of the trials), the stationary
object shifted (1=3 of the trials), or nothing changed (1=3
of the trials). The change could be a 0.5 or 1 shift to
the left or to the right of the position held prior to the
initiation of the change. Displacement size was 0.5 for
translating objects and 1 for stationary objects. 5 The
position change was respectively 6.25% or 12.5% of
the distance between ﬁxation cross and object. In the
orientation-change detection task, a clock- or counter-
clockwise 45 in-depth rotation could take place during
the saccade: The translating object rotated (1=3 of the
trials), the stationary object rotated (1=3 of the trials), or
nothing changed (1=3 of the trials). After the saccade
was made, the subject had to indicate which object, if
any, had changed (Frame 4). The subject had a four-
button response box, and pressed the upper right button
with the right index ﬁnger when the right object chan-
ged, the upper left button with the left index ﬁnger when
the left object changed. The lower buttons were pressed
(with both thumbs) when no change was detected. Ac-
curacy and manual reaction time (measured from sac-
cade onset) were recorded. Reaction time data were used
to exclude outliers in the data. Only accuracy data were
included in the data analysis.
A number of trials were excluded from analysis. First,
trials in which the subject did not keep ﬁxating the cross
until the tone was presented, were eliminated. Second,
trials in which the subject made a saccade to the wrong
object were also not considered. The third class of ex-
cluded trials consisted of trials where the moving object
started to occlude the stationary object before subjects
gave a response. Because the subject had to indicate
whether the left or right object changed by pressing the
left or right button, responses on these trials became
ambiguous. Finally per subject, trials with manual re-
action times smaller or larger than 2.5 SD below or
above the mean were eliminated as outliers. Based on
these criteria, 20% of the trials were excluded from
further analysis.
4.1.3. Design
The factorial combination of the type of change
(position vs. orientation), the type of object changed
(translating object, stationary object, or no change), the
type of saccade target (translating object vs. stationary
object) and the direction of translation (left–right vs.
right–left) produced 24 within-subject conditions, with
32 trials per condition. Each subject completed the re-
sulting 768 trials in four sessions of 192 trials each. The
type of change was always the same within a session, but
was counterbalanced over subjects and sessions: Half of
the subjects ﬁrst participated in two sessions with ori-
entation changes, followed by two sessions with position
changes, while the order was reversed for the other
subjects.
Response proportions were converted to signal de-
tection values. Hits (i.e., correct identiﬁcations of the
object that changed) were combined with false alarms
(i.e., false reports of a change of that particular object
when nothing was changed) to derive d 0 values. 6
4.1.4. Apparatus
Stimuli were displayed on a Sony 17 in. screen with a
resolution of 800 600 and a 75 Hz refresh rate. The
display was viewed binocularly at a distance of 60 cm.
Head movements were restricted by a head- and chin-
rest. Four response keys were connected to a Pentium
5 A pilot study showed that 0.5 changes of the stationary object
were almost impossible to detect for target as well as ﬂanker objects.
Hence we decided to increase the relative detectability of displacements
of the stationary object.
6 To obtain d 0 we followed the constant ratio rule (MacMillan &
Creelman, 1991, pp. 243–245). From the overall contingency table
produced by the 3 stimulus types (change moving, change stationary,
no change)  3 response types (moving changed, stationary changed,
nothing changed), we extracted two 2 2 tables (change moving vs. no
change  moving changed vs. nothing changed, and change stationary
vs. no change  stationary changed vs. nothing changed). This was
done separately for each of the type of change  saccadic status 
direction of motion combinations.
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233 MHz PC in control of stimulus presentation and
registration of answers.
Eye movements were monitored with the eye link
system (version 2.01, 1997, SensoMotoric Instruments,
Teltow, Germany). Only movements of the right eye
were tracked. The sampling rate of the eye link system is
250 Hz. Every 4 ms the horizontal en vertical gaze po-
sition are sampled. Based on this information the deci-
sion about the status of the eye (saccade, blink, ﬁxation)
can be made. As soon as a saccade is detected, the com-
puter for stimulus presentation gets this information
from the eye monitoring PC within 20 ms after saccade
onset and initiates a display change within 13.3 ms.
Most saccades lasted longer than 45 ms, which provided
ample time to perform a display change before the end
of the saccade.
4.1.5. Stimulus displays
On each trial, one ﬁxation cross and two objects were
present. The objects were yellow cones presented on a
gray background. Objects subtended 2 2 and ap-
peared in one of two possible depth orientations: a
22:5 orientation (Fig. 2, left panel) and 22:5 orien-
tation (Fig. 2, right panel) rotated around the vertical
axis. The ﬁxation cross subtended 1 1.
By combining the two possible object orientations,
four starting conﬁgurations were possible. One object
remained stationary throughout the trial, the other ob-
ject moved horizontally towards the stationary object.
Motion was created by horizontally displacing the ob-
ject one pixel per frame, producing a constant angular
velocity of 2:68 s1. Dependent on which object was
translating (left or right object; randomized across trials)
the horizontal coordinate of the starting position of the
objects diﬀered, ensuring that at the time of the saccade,
the distance from the ﬁxation cross to both objects was
approximately equal (8). A position change was created
by displacing the object to the left or right relative to its
position before the initiation of the change. An orien-
tation change was created as follows: When the changed
object was presaccadically displayed in a 22:5 orien-
tation, it was replaced by the same object in a 22.5
orientation in the postsaccadic scene and vice versa.
4.2. Results
Sensitivity estimates ðd 0Þ were entered in a repeated-
measures analysis of variance (ANOVA) with type of
change (orientation vs. position), dynamic status (trans-
lating vs. stationary), saccadic status (target vs. ﬂanker),
and direction of motion (left–right vs. right–left) as
within-subject variables and session order (orientation
changes before position changes or vice versa) as be-
tween-subjects variable.
The ANOVA revealed an interaction between type of
change and dynamic status, F ð1; 6Þ ¼ 18:15, p < 0:0053,
MSE ¼ 0:38. Fig. 3 underlines the special status of
position information for translating objects. For orien-
tation changes, subjects performed almost equally ac-
curately for the stationary and translating object. For
Fig. 1. Trial sequence in Experiment 1. Frame 1: When the ﬁxation cross is presented, the subjects press a button to start the trial. Frame 2: Two
crosses appear for 250 ms at the places where the objects will be presented. Frame 3: Two objects appear, one stationary and the other translating in
the direction of the stationary object. Frame 4: After 1 s, a tone is the signal for making a saccadic eye movement. During the saccade, one of the
objects can change or nothing changes. After the saccade, subjects give an answer by pressing one of the response buttons.
Fig. 2. The 22:5 and 22.5 views of the object used in Experiment 1.
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displacements, however, sensitivity was much higher for
the translating than for the stationary object (note that
the actual position changes of stationary objects were
twice as large as the position changes of moving ob-
jects). Furthermore, a second-order interaction of type
of change, dynamic status, and saccadic status was
found, F ð1; 6Þ ¼ 12:48, p < 0:012, MSE ¼ 0:37. As plot-
ted in Fig. 4, sensitivity was always higher when the
changed object was also the saccade target, except when
the change was a displacement of a translating object. In
that case, performance was uniformly high regardless of
the changed object’s saccadic status.
4.3. Discussion
Intrasaccadic displacements of the translating object
were easier to detect than displacements of the statio-
nary object. Furthermore, sensitivity for displacements
of the translating object was unaﬀected by the changed
object’s saccadic status. This suggests an attentional
eﬀect and/or a greater relevance and enhanced trans-
saccadic encoding of position for translating objects.
The possibility that position is more relevant for trans-
lating objects will be explored further in Experiment 4.
Sensitivity for intrasaccadic orientation changes
showed a more similar pattern for translating and sta-
tionary objects. Admittedly, subjects were still slightly
more sensitive to orientation changes in translating ob-
jects, perhaps suggesting an attentional advantage for
the translating object. More importantly, however, the
eﬀect of saccadic status was the same for stationary and
translating objects: For both the translating and the
stationary object, detection of in-depth orientation
changes was more accurate when the changed object was
also the saccade target. This is diﬀerent from the de-
tection of position changes, where for the translating
object the saccadic status had no eﬀect on change
detection rates. This suggests that a greater attentional
saliency of translating objects cannot in itself account
for the superior detection of intrasaccadic changes in the
position of these moving objects.
5. Experiment 2
The purpose of Experiment 2 was twofold. First, it is
possible that subjects detected a change in the relative
position of the two objects (without being able to de-
termine which of the two objects caused the change in
the relative position) and then displayed a tendency
to ascribe the change in the relative position to a dis-
placement of the translating object. To test this hy-
pothesis, each trial in Experiment 2 showed only one
object (either translating or stationary). Subjects made
a saccade to the single object and decided whether or
not the object was displaced during the saccade. Across
trials, displacement size was varied parametrically. Sec-
ond, with only one object present on each trial, we could
directly test the hypothesis that the superior perfor-
mance for the translating object in Experiment 1 was
due to the fact that the moving object absorbed all the
attention and the stationary object was neglected. Al-
though the diﬀerential pattern of results for position
and orientation changes already shows that attention
is probably not the only factor at work, Experiment
2 provides a more stringent investigation of this possi-
bility.
5.1. Method
5.1.1. Subjects
Six subjects, again psychology students (5 women, 1
man) participated in the experiment. None of them took
part in Experiment 1 or pilot experiments. All had nor-
mal or corrected-to-normal vision.
Fig. 4. Sensitivity (d 0) to intrasaccadic changes in Experiment 1.
Means (and standard error) plotted as a function of the type of change
(orientation vs. position), the changed object’s dynamic status (trans-
lating vs. stationary), and its saccadic status (target vs. ﬂanker).
Fig. 3. Sensitivity (d 0) to intrasaccadic changes in Experiment 1.
Means (and standard error) plotted as a function of the type of change
(orientation vs. position), and the changed object’s dynamic status
(translating vs. stationary). Translating objects were displaced by 0.5,
stationary objects by 1.0. In-depth rotations were 45.
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5.1.2. Apparatus and stimulus displays
The apparatus and stimulus display were identical to
those used in Experiment 1, except that in each trial
there was only one object present on the screen which
could appear on either the left or the right side of the
screen. For the stationary object the possible intrasacc-
adic displacements were 0.5, 1, or 1.5. For the
translating object the possible position changes were
0.25, 0.5, or 1. The object was displaced horizontally,
as in Experiment 1, in one of two directions (i.e., a jump
to the left or to the right).
5.1.3. Procedure and design
At the beginning of a trial (as in Experiment 1) a
ﬁxation cross was present. The subject ﬁxated the cross
and pressed a button to indicate that he/she was ready to
start the trial. One extra cross appeared where the object
would appear, the subject still ﬁxated the ﬁxation cross.
After 250 ms the object appeared (dependent on the trial
type the object could be translating or stationary). In
a trial with a translating object, the object immediately
started moving horizontally (at 2:68 s1) towards the
opposite side of the screen. In a trial with a stationary
object, the object held its position on the left or right
side of the screen. Subjects waited for a tone as the
signal to make a saccade to the object. The tone was
presented 1 s after object presentation. During the sac-
cade the object could change position. After the eye
movement, subjects had to indicate whether or not the
object was displaced during the saccade. Trials with
displacements of the stationary or the translating object
were randomly intermixed. The four-button response
box from Experiment 1 was used to register the re-
sponses. The upper right button was pressed to indicate
that the object had been displaced intrasaccadically. The
lower right button was pressed to indicate that—accord-
ing to the subject—no displacement had occurred.
Each subject participated in 448 trials which were
divided over two sessions of 224 trials. In these two
sessions, detection of intrasaccadic position changes was
examined. The 448 trials resulted from the factorial
combination of the dynamic status of the object (trans-
lating object, stationary object), the position on the
screen where the object was placed (left vs. right), the
displacement size (0 or respectively0:5,1, or1:5
for the stationary object and 0:25, 0:5, or 1 for
the translating object; this implies 7 possible displace-
ment sizes per object), which produced 28 within-subject
conditions, with 16 trials per condition.
Based on the same criteria as in Experiment 1, 12.3%
of the trials were excluded before computing d 0.
5.2. Results
First, we examined the eﬀects of displacement size per
object type: 0.5, 1, or 1.5 for the stationary object;
0.25, 0.5, or 1 for the translating object. In addition,
the position of the object on the screen (left or right) was
included as a within-subject variable. The repeated-
measures ANOVA on sensitivity values for the station-
ary object revealed a signiﬁcant eﬀect of displacement
size, F ð2; 10Þ ¼ 50:62, p < 0:0001, MSE ¼ 0:34. An ana-
logous ANOVA for the translating object also revealed
a signiﬁcant eﬀect of displacement size, F ð2; 10Þ ¼
17.34, p < 0:0006, MSE ¼ 0:25. Fig. 5 summarizes the
results.
Second, we investigated the diﬀerence in sensitivity
between the stationary and translating object for the
displacement sizes they had in common (0.5 and 1).
Note that these were the two displacement sizes that
were used in Experiment 1. In this second analysis, the
eﬀects of dynamic status (stationary vs. translating),
displacement size (0.5 and 1), and position on the
screen (left or right side of the screen) were investigated.
The ANOVA showed a signiﬁcant main eﬀect of dis-
placement size, F ð1; 5Þ ¼ 34:46, p < 0:0017, MSE ¼
0.36. Sensitivity (M: mean d 0 value) was higher for the 1
change (M ¼ 2:14) in comparison to the 0.5 change
(M ¼ 1:06). Furthermore, there was a signiﬁcant main
eﬀect of dynamic status, F ð1; 5Þ ¼ 7:37, p < 0:042,
MSE ¼ 0:95. Sensitivity was higher for the translating
object (M ¼ 1:98) than for the stationary object
(M ¼ 1:22). The two variables interacted, F ð1; 5Þ ¼
27:02, p < 0:0035, MSE ¼ 0:07: the diﬀerence in sensi-
tivity for the translating object and sensitivity for the
stationary object was more pronounced for the 0.5
displacement than for the 1 displacement. This inter-
action is also shown in Fig. 5.
5.3. Discussion
The pattern of sensitivity results of Experiment 2
conﬁrms what we found in Experiment 1.
Fig. 5. Sensitivity (d 0) to intrasaccadic position changes in Experiment
2. Means (and standard error) plotted as a function of the size of the
displacement and the changed object’s dynamic status (translating vs.
stationary). Displacement size was 0.5, 1, or 1.5 for the stationary
and 0:25, 0:5, or 1 for the moving object.
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Subjects show a higher sensitivity for small displace-
ments in the translating object, even when the object is
the only object displayed on the screen (and relative
coding of the stationary and the translating object is not
aﬀorded). This implies that the observation of higher
displacement sensitivity for the translating object in
Experiment 1 cannot be traced back to a process of
exclusive presaccadic attention to the translating object,
at the expense of the stationary object, nor to relative
encoding.
This is not to say that relative encoding played no
role at all in Experiment 1. Speciﬁcally, note that for
the translating object sensitivity values were somewhat
lower than in Experiment 1. This suggests that relative
coding (distance of the translating object relative to the
stationary object) may have occurred in which the sta-
tionary object served as a landmark for encoding the
position of the translating object. Still, Experiment 2
shows that this can not be the only explanation for the
superior transsaccadic coding of a translating object’s
position: Even in the absence of a landmark, position
change detection is better for the translating than for the
stationary object.
6. Experiment 3
In Experiment 3, the stationary or translating object
was again presented as the only object on the screen.
Contrary to Experiment 2, the object could now change
orientation (22.5 or 45) during the saccade instead of
position. In this manner we examined whether we could
replicate the results of Experiment 1, where orientation
changes had to be detected in simultaneously presented
stationary and translating objects.
6.1. Method
6.1.1. Subjects
Six subjects, again psychology students (5 women, 1
man) participated in the experiment. None of them took
part in the previous experiments. All had normal or
corrected-to-normal vision.
6.1.2. Apparatus and stimulus displays
The apparatus and stimulus display were identical
to those used in Experiment 1, except that the object
could appear in one of four diﬀerent orientations: 45,
22:5, 22.5, and 45. During the saccade the pre-
saccadic object view could be replaced by one of the
other three possible views. The only constraint for re-
placing the object view was that the resulting orientation
change was not larger than 45. This limitation implies
that not all combinations of pre- and postsaccadic ob-
ject views are possible (Fig. 6). After making a saccade,
the subjects indicated whether or not the presented ob-
ject had changed orientation during the saccade. Trials
with the stationary or the translating object present were
randomly intermixed. For both types of objects the
possible intrasaccadic orientation changes were 45,
22:5, þ22:5, or þ45.
6.1.3. Procedure and design
The procedure was identical to that in Experiment 2,
except that subjects had to detect orientation changes.
Each subject participated in two sessions of 224 trials.
The factorial combination of the type of dynamic sta-
tus (translating object, stationary object), the position
on the screen where the object was placed (left vs. right)
and the starting orientation of the object (45, 22:5,
þ22:5, or þ45) resulted in 16 diﬀerent combina-
tions. There were 128 (16 8) trials without orientation
change and 80 trials for each orientation change size
(namely 22:5 or 45), resulting in a total of 448
trials.
Based on the same criteria as in Experiment 1, 11.7%
of the trials were excluded before computing d 0.
6.2. Results
We examined the eﬀects of the angular size of the
orientation change (22.5 and 45), the dynamic status
of the object (translating vs. stationary), and the posi-
tion of the object on the screen (left or right).
The repeated-measures ANOVA on sensitivity values
revealed no signiﬁcant eﬀects. Sensitivity for orientation
changes of the stationary object (M ¼ 2:06) was not
diﬀerent from the sensitivity for orientation changes
of the translating object (M ¼ 2:17), ðF ð1; 5Þ < 1Þ. The
Fig. 6. The diﬀerent object views, speciﬁcally 45 (A), 22:5 (B), 22.5 (C), and 45 (D), used in Experiment 3. The possible intrasaccadic rotations
that could take place are marked with arrows.
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eﬀect of the angular size of the orientation was also not
signiﬁcant, ðF ð1; 5Þ < 1Þ. In fact, the sensitivity for 22.5
was slightly higher (M ¼ 2:18) than sensitivity for 45
(M ¼ 2:07). However, this can be understood by looking
at Fig. 6, which shows that 22.5 orientation changes
(i.e., changes between the views A and B or C and D) are
more striking than 45 changes (i.e., changes between
the views B and C) both in terms of form and luminance
changes.
6.3. Discussion
The pattern of results in Experiment 3 corroborates
the observations of Experiment 1. There is no diﬀerence
in sensitivity for intrasaccadic orientation changes of
stationary and translating objects.
We have to emphasize that sensitivity values in this
experiment can only be compared with the saccade
target trials in Experiment 1. The conclusion from Ex-
periment 3 is that, for the saccade target, transsaccadic
perception of the orientation of translating and sta-
tionary objects is similar.
In conclusion, the same eﬀects were found when only
one type of object was present on a trial (Experiments 2
and 3) as when the translating and stationary object
were presented simultaneously (Experiment 1). This
implies that relative coding of positions or exclusive
presaccadic attention to the translating object cannot
be the sole explanation for the superior transsaccadic
coding of position of the translating object. Experiment
4 tests another possible explanation.
7. Experiment 4
As we discussed in Section 1, object–position infor-
mation is particularly relevant for tracking and antici-
pating the path of a translating object. If this perceptual
relevance explains the better transsaccadic coding of
object position for the translating object in Experiment
1, then we should be able to decrease this advantage by
decreasing the relevance of position information. If we
could, at the same time, increase the perceptual rele-
vance of object orientation for a moving object then we
could perhaps reverse the interaction of Experiment 1.
Speciﬁcally, we could expect the detection of intrasac-
cadic orientation changes in moving objects to be un-
aﬀected by saccadic status and to be better than for
stationary objects, while intrasaccadic position changes
would be equally hard to detect for moving and sta-
tionary objects and always easier for target objects than
for ﬂanker objects.
To modify the perceptual relevance of object position
and object orientation, we used a stimulus where one
object remained stationary and the other object con-
tinuously rotated in depth around its vertical axis. In
this situation, orientation changes imply a change in the
motion path of the moving object, while position
changes have no implications for that path. Assuming
that the perceptual-relevance hypothesis is correct and
that coding the precise orientation of the object is im-
portant to track the object’s motion across a saccade,
sensitivity to orientation changes should now follow the
pattern previously found for position changes and vice
versa.
Note that conﬁrmation of this prediction would
also imply that the better position coding for translat-
ing objects in the previous experiments cannot simply
be attributed to the greater attentional saliency of the
translating object. Because rotation also captures at-
tention, detection of position changes for the rotating
object should be better and less aﬀected by saccadic
status than for the stationary object, if presaccadic at-
tention is indeed the most important determinant of
accurate transsaccadic coding.
7.1. Method
7.1.1. Subjects
Eight students (2 women and 6 men) participated in
the experiment. All had normal or corrected-to-normal
vision.
7.1.2. Apparatus and stimulus displays
The apparatus was identical to that used in Ex-
periment 1. The stimulus displays showed two objects.
One object was stationary and the other object rotated
counterclockwise around its vertical axis with a tan-
gential velocity of 1:9 s1. Both objects could have one
of two starting orientations: the 22:5 and 22.5 object
views used in Experiment 1. The objects were positioned
symmetrical relative to the vertical meridian of the dis-
play. We manipulated orientation and position changes
within subjects. The size of the position changes was 1
of visual angle for both objects. The orientation change
was 45 in depth (as in Experiment 1). For the stationary
object, the orientation change was made by replacing
the starting orientation with the other possible orienta-
tion. For the rotating object, the change was made by
replacing the current in-depth orientation with an ori-
entation 45 further or back in the rotation path.
7.1.3. Procedure and design
The procedure was identical to that of Experiment 1.
All subjects participated in four sessions of 192 trials.
In two sessions, sensitivity for intrasaccadic position
changes was measured. In the two other sessions, sen-
sitivity for in-depth orientation changes was tested.
Within each session, the rotating object was equally
likely to be to the left or to the right of the stationary
object. Within-subject variables were type of change
(orientation vs. position), the dynamic status (rotating
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vs. stationary), the saccadic status (target vs. ﬂanker),
and the position of the rotating object (left vs. right).
The between-subjects variable was the order in which
the participants received the sessions. Half the subjects
ﬁrst performed the position-change detection task, and
the other half the orientation-change detection task.
Using the same criteria as outlined in Experiment 1, 22%
of the trials were excluded before computing d 0.
7.2. Results
A 2 2 2 2 (type of change, dynamic status,
saccadic status, position) repeated-measures ANOVA
on d 0 values, with task order as between-subjects vari-
able, revealed main eﬀects of saccadic status and type
of change: Subjects were more sensitive to changes in
the saccade target object (M ¼ 1:67), F ð1; 6Þ ¼ 28:21,
p < 0:0018, MSE ¼ 0:83, than in the ﬂanker object
(M ¼ 0:81), and showed higher sensitivity for position
changes (M ¼ 1:77) than for orientation changes (M ¼
0:60), F ð1; 6Þ ¼ 130:9, p < 0:0001, MSE ¼ 0:39.
As we expected, type of change, dynamic status, and
saccadic status interacted, F ð1; 6Þ ¼ 25:84, p < 0:0023,
MSE ¼ 0:17. Unexpectedly, however, the interaction
resembled the pattern in Experiment 1 rather than re-
versing it. As shown in Fig. 7, detection of position
changes in the moving object was high and unaﬀected by
saccadic status. This contrasts with the performance for
stationary objects and orientation changes. Evidently,
the assumed perceptual relevance of orientation coding
for rotating objects had little eﬀect: For ﬂanker objects,
performance was even at chance level for detecting
intrasaccadic orientation changes in rotating objects,
suggesting that subjects were simply unable to compare
pre- and postsaccadic orientations. In retrospect, this
may not be surprising given that this is the only condi-
tion where both pre- and postsaccadic orientations had
to be processed in extrafoveal vision. Indeed, for sta-
tionary ﬂanker objects subjects could still saccade to the
rotating target and then move on to the ﬂanker in order
to check its postsaccadic orientation. In contrast, for
rotating ﬂanker objects, such a secondary saccade was
uninformative because the rotating object had rotated
away from its postsaccadic orientation by the time sub-
jects were able to execute a secondary saccade.
7.3. Discussion
Experiment 4 again conﬁrmed that transsaccadic
coding of object position is highly accurate for moving
objects and does not even require that the object is the
actual target of the saccade. This regardless of whether
position information is actually relevant to tracking the
moving object. Hence, the perceptual-relevance hypoth-
esis does not seem to be a viable account of the eﬀects of
dynamic object status on transsaccadic coding of object
position.
Should we then conclude that the transsaccadic re-
presentation of an object’s position will always be
enhanced when we put the object in motion? This con-
clusion is questioned by two discrepancies between Ex-
periments 1 and 4 which indicate that object motion is
not a necessary nor suﬃcient condition for transsaccadic
representation of the object’s position.
First, in Experiment 1, displacement detection was
always better for the moving object, but this was not the
case in Experiment 4. Speciﬁcally, position changes in
saccade targets were detected at least equally well for
stationary and moving objects. This suggests that our
earlier ﬁndings of better displacement detection in trans-
lating objects cannot be viewed as a necessary byproduct
of mechanisms invoked by object motion.
Second, in spite of the fact that displacements of the
rotating object in Experiment 4 (1) were twice the size
of the displacement of the translating object in Experi-
ment 1 (0.5), performance was worse (d 0 ¼ 2:74 for
translating objects vs. d 0 ¼ 1:96 for rotating objects).
Apparently, not every type of motion or dynamic situ-
ation is suﬃcient to produce enhanced transsaccadic
coding of object position.
Fig. 7. Sensitivity (d 0) to intrasaccadic changes in Experiment 4. Means (and standard error) plotted as a function of the type of change (orientation
vs. position), the changed object’s dynamic status (rotating vs. stationary), and its saccadic status (target vs. ﬂanker). Displacement size was 1,
orientation changes involved 45 in-depth rotations.
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8. General discussion
We presented four experiments aimed at determining
whether contents and scope of the transsaccadic repre-
sentation of stationary objects could be equated to that
of moving objects. Speciﬁcally, we hypothesized that for
translating objects, object position might be coded more
accurately and that the formation of an accurate
transsaccadic object representation might be less de-
pendent upon actually saccading towards that object. In
Experiment 1, we found that intrasaccadic position
changes in a translating object were indeed detected
more accurately than changes in a stationary object and
that detection was relatively independent of whether the
moving object was the saccade target or merely a ﬂanker
to the stationary saccade target. In contrast, perfor-
mance for stationary objects was always inﬂuenced by
saccadic status, with better detection for position
changes in the saccade target than in the saccade ﬂanker.
Experiment 2, where only one of the two types of objects
(stationary or translating) was presented on a single
trial, corroborated the superior sensitivity to position
changes of translating objects. This experiment also in-
dicated that relative encoding of the translating object
was not the sole explanation for the better performance
for the translating object.
The results for displacement detection did not simply
extrapolate to other types of intrasaccadic changes. In
Experiment 1 detection of intrasaccadic changes in
object orientation proved to be equally accurate for
translating and stationary objects and was always better
for saccade targets than for ﬂankers. The results of
Experiment 3, where only one type of object was present
on the screen in each trial, agreed with this conclusion.
Hence, we concluded that, for translating objects, po-
sition information has a special status in transsaccadic
object perception which it does not have for stationary
objects.
We proposed two possible explanations for this dif-
ference. First, the movement associated with object
translation captures presaccadic attention thus allowing
better presaccadic coding of object position in compar-
ison to the stationary object. Experiment 2 already
questioned this hypothesis. Second, accurate position
information is more relevant for transsaccadic percep-
tion of translating objects than for stationary objects.
Perhaps, stationary objects are assumed to hold their
position, whereas moving objects suggest potential in-
teractions with other objects or with the observer, and
keeping accurate track of the path of the object has
ecological importance.
In Experiment 4, the relative merits of these two hy-
potheses were tested by using a new type of motion:
rotation rather than translation. Under the assumption
that object position is not relevant for the perception of
object rotation while object orientation is, we expected
position to be coded equally well for rotating and sta-
tionary objects and better for saccade targets than
for ﬂankers, while object-orientation changes should be
easier to detect for rotating objects and this regardless of
the object’s saccadic status. This prediction was not
conﬁrmed: The coding of object orientation was not
more accurate for rotating than for stationary objects
and was always better for saccade targets than ﬂankers.
In contrast, the coding of object position for rotating
objects showed no eﬀects of saccadic status.
At ﬁrst glance, Experiment 4 invalidates the percep-
tual-relevance account of transsaccadic object percep-
tion: Object position is irrelevant to the perception of
object rotation, yet is coded better than the more rele-
vant object orientation. In addition, Experiment 4 shows
that transsaccadic coding for moving objects is not al-
ways better than for stationary objects: For saccade
targets, object position is coded equally well (and even
slightly better) for stationary as for rotating objects.
This suggests that advantages for the moving object
cannot simply be attributed to attention capture by
object motion. Given the arguments against the atten-
tional and perceptual-relevance accounts, it seems that
we are left with an open question as to what process can
account for the observed diﬀerence in transsaccadic
position encoding for translating and stationary objects.
However, this conclusion may be premature. Ver-
faillie and colleagues (1994, 1997, 2000) reported a num-
ber of experiments in which a point-light walker was
shown walking on a treadmill. Although this stimulus is
clearly in motion, detection of intrasaccadic displace-
ments of the walker in the plane was quite poor. Evi-
dently, motion per se is not suﬃcient, which is conﬁrmed
by our present ﬁnding that displacement detection for
rotating objects in Experiment 4 was depressed rela-
tive to displacement detection for translating objects in
Experiment 1. Moreover for saccade targets, position
coding for stationary objects was equally accurate or
even slightly better than for rotating objects, which was
never found for translating and stationary objects.
The reason for this discrepancy could be that a dif-
ferent position-coding mechanism was at work for the
rotating and the translating objects. In Experiment 4,
position coding only suﬀered for stationary ﬂankers.
This is consistent with the idea that position coding for
the rotating ﬂankers was enhanced by presaccadic cap-
ture of attention, and that attention shifts and actual
gaze shifts generated the same quality position codes. A
plausible candidate for such a code is the spatial tag
proposed by Strong and Whitehead (1989), who argued
that to keep track of its place during scene exploration,
the visual system tags each attended object by means
of vectors pointing to neighboring objects. Because all
objects in Experiment 4 stayed in the same location,
such vector codes would be appropriate for spatial
tagging. When translating objects are involved (as was
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the case in Experiment 1) this type of tagging mecha-
nism would obviously fail.
It appears then that the mechanism that is responsible
for enhanced coding of a moving object’s position may
be limited to translating objects. If this is correct, we
should not yet dismiss our earlier hypothesis that only
perceptually relevant information is coded across sac-
cades. Speciﬁcally, transsaccadic coding of object posi-
tion may be better for moving objects only when
position is relevant to understanding and anticipating
the speciﬁc motion that is involved. In this manner,
perceptual relevance explains why displacement detec-
tion for rotating objects is depressed relative to dis-
placement detection for translating objects. But can it
explain why detection of orientation changes was not
better for rotating objects than for stationary objects?
The answer may simply be that, contrary to what we
assumed, object orientation is not relevant to the per-
ception of object rotation. When an object spins, we
may only code that it spins, not how fast it spins, in
which direction it spins, and whether it spins at a con-
stant velocity. This assumption was recently supported
by Price and Gilden (2000) who showed that memory
for rotation direction is almost absent, and this in con-
trast to memory for translation direction which is highly
veridical. Admittedly, Price and Gilden (2000) examined
episodic memory traces which may be diﬀerent from the
short-term representations that underlie transsaccadic
memory (e.g., Irwin, 1991). Nevertheless, their ﬁndings
do suggest that rotations are not perceived and stored as
a precise sequence of object views and that disturbances
in this sequence may therefore not be noted.
A ﬁnal element that we want to point out is that our
ﬁndings are not at odds with the neurophysiological
literature. Both the position of translating objects and
the position of stationary objects are probably processed
in the dorsal stream. However, neurophysiological re-
search makes a clear distinction between neural sub-
strates for motion perception on the one hand and for
the perception of a stationary stimulus on the other
hand. This distinction is reﬂected in separate brain re-
gions for motion processing such as MT (V5) and MST
(Beckers & Zeki, 1995), and in diﬀerent processing
speeds. Speciﬁcally, MT and MST (motion areas),
show short response latencies (Schmolesky et al., 1998).
Motion processing can be very fast due to parallel
subcortical motion inputs to V1 and MT (Ffytche, Guy,
& Zeki, 1995; Raiguel, Xiao, Marcar, & Orban, 1999).
Furthermore, MT receives its main input from the mag-
nocellular pathway, which is characterized by early ac-
tivation and fast information transfer (Bullier & Nowak,
1995). This opens the possibility for speculating on a
motion loop within the dorsal pathway with greater
processing speed for translating than for stationary
objects. Such a fast motion-processing mechanism could
support an accurate and up-to-date transsaccadic rep-
resentation of the position of a translating object to
aﬀord precise (oculo)motor interactions with that ob-
ject, which may be absent for a stationary object.
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